River Assessment and Monitoring
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Magruder Branch Reference Reach Team 1 9/18/2007

Worksheet 5-4. Morphological relations, including dimensionless ratios of river reach sites (Rosgen and Silvey, 2005).

Stream: Macgruder, Reach - Reach 1 Location:

_Valley Type: VIl Stream Type: C 4

£ Mean Riffle Depth d,,k,)

Mean Pool Depth '(dwp

<
° RTINS LAY XSS RS SA AR -

’7" 5|

sl '\D"ea" Pog! Depth/Vesn R'mel 1.08 | ld"““" Pool Width/Riffle Width 1

£ ;; epth

— R B S R L B R B AR AL - RN miwma‘: B TR T RS :
% : Max leﬂe Depth (dmbkf) i 2 28 'ft Max Pool Depth (drmbkin) i 3.56 :ft Max leﬂe Depth/Mean lefle Depth i
g et - T D TR TR

g Pomt Bar blope 17 3
_: B S B X R R S T e T R R T e S e e N R s R R 5 N S S R S S S S g P
Of

NSRRI RS RN SR e e Y S e A s S S S e A I T Y S wmmsmmm T

% Streamﬂow Estnmated Discharge al Bankiull Stage (Qw) ! 140.08 ..
: ; e -
i Meander Length (Lm) 160 1 160 | 160 _

Strearnﬂow Estlmated Mean Velocity at Bankfull Stage (u ,,H) 412 Estlmation Method MANNINGS -§

*2%
AR RS RSy RS T S e SRR E R ETTTE AT T = TR ST TR SRRSO RSHS R RS R]

Radnus of Curvature (Rc) 31 48 Radnus ot Curvature/lee Wldth (RCfW bk} o 148 | 0.67 | 2.29 |

T T T T S R A DR s N B S35 SR o Wsmcﬂswmmnmm! 4

BeItWIdlh W) _ o | 4 5| 7y | 51 it |Meander Width Ratio (Ww/WW 12 oz] 1.62] 2.43

w&m.tm&m@k-rmms.mw e

A _Channel Pattem g

Low Bank Height start;_z 28 Max Riffle ' Bank -Height Ratio (BHR) starti 1.3

end] 2.31 ift Depth | (LBH/Max Rxfﬂe Depth) end|

Ch_a_nnel Profile

i[Riffie Depth (dq) 1228 208! 2.47 |t |[Riffie Depth/Mean Riffte Depth (dye/ dyi) 1141 1 zal 1.52 '

RPN mmmm«m; wmw' AR R 5 e

| 24 ] 2.1 1 2.1 |a Run Depth/Mean Riffle Depth (diun / du) 1.3 | 1.3

20002 §W-.. B R R R R R R R R R R R MWW\WK

Pool Depth (d,,) 356 2 391 Pool Depth/Mean vaﬂe Depth (d /dbk,) 12, z 1 98 241 :

i\ S RS S SR VR S R iz RS S S A

2.54| 2441 262 1 |Glds Depth/Mean erﬂe Depth (d Tou) L 157 R 51 T1.62 1]

i 6547 "

....... I Y N A v e A N RS S S AR S

I
! 0 i fmm

Channel Materials

a Min, max, mean depths are the average mid-point values except pools whlch are taken at deepest part of pool
b Composite sample of riffles and pools within the designated reach.

¢ Active bed of a riffle.

d Height of roughness feature above bed.

Copyright © 2006 Wildland Hydrology WARSSS page 5-31
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] Bankfull 'VELOCITY / DISCHARGE‘Estlmates

:';.lﬂe I M{_v’7ﬂu e E (R , ' Location I MO i
j‘ibaie I 9./807 |Stream Type l C I Valley Type I ] ,
=ts | :
{observers|  ciRovp 4 | TS o3 O ) O e Iy
INPUT VARIABLES : OUTPUT VARIABLES |
Bankfull Cross-section AREA || =1 v Bankfull Mean DEPTH || |. Dy |-
_ , 3¢ (SaFt) (Fo)
Bankfull WIDTH - | I 5 [ Wyeem]| “fet;"f’dfﬂmwf TER [ 2233 | Wewew|
D84 @ Riffle 33 gi:;')- D84 mm/304.8 = T, 12 1()3)4
S Hydraulic RADIUS R
Bankfull SLOPE 0067 || e Y WA teS sz | &
e . g Relative Roughness
Qravxtanonal Acceleration 32.2. T R (). D84 1y [ A |
. DA Shear Velocity S u*
Drainage AREA . /. , (SqMi) o =W : G 585 (Ft/ Sec)
ESTIMATION METHODS ankfull VELOCITY |+ | Samkh)
5 F’“‘-ﬁy Relative = [ 2.83 + 5.66Log{ R / D84 } Jus - Ft/Sec || - - CFs
Factor, Roughness B N T I LE R T

2. Roughness Cocfficient: a) Manning's 'n' from friction factor / relative

roughness. u=1.4895*R***s"?/y n = - ‘ U /?5’ CFS

2, Roughness Coefficient: =1.4895* RP*s"?/y Ft/s I EFs
b) Manning' s'n’ from Jarrett (USGS ): n=0.398*R"16 n = 3 '3 ec l ’L-

Note: This equation s for appli Iving steep, step-pool, high boundary roughness, cobble-

boulder-domi: d stream sy ; Le., for stream types Al, A2, A3, BI, B2, B3, C2 and E3.

2. Roughness Cocflicient: u = 1.4895* R¥*S1y
¢) Manning's 'n' from Stream Type e l A I ‘ - : =

RIRCSS

— Ft/Sec ~Lf CFsu L

"12. Other Methods, ie. Hydrauiic Geometry (Hey, Dlrcy-W:ishgch, Chezy C, efe.)

TN ES

3. Odler Methods, ie. Hydrlullc Geometry (Hey, Dnrcy-w isbach, Chezy C, etc.) ]

5 | Ftisec || @0 CFS

[ e = : ,f"
"I 4. Continuity Equations: 2) Regional Curves u=9/A : . g

Return Period far Bankfull Discharge Q = 265 &1 Y Ft/Sec q (@ CFS
| 4. Coutinuity Equations:  b)USGS Gage Data  u=Q/A . .. 1N ,-’ A | Ftrsec [ N l’ A CFS

Options for using the D84 term in the relative roughness relation (R/D84), when using estimation method 1.

1], ¥orsand-bed channels: measure the "protrusion height” (hy) of sand dunes above channel bed eleval:ms Substitute
" anaverage sand dune protrusion height (hy, in feet) for the D84 term in estimation method 1.

Qpnon2 % For boulder-dommlted channels: measure sevcral "protrunon heights'" (h,,) of boulders abovc chnnnel beu

is" (hy) of rock separations/sle

Ve cﬁénncl bed elevatmns Substitute an average bedrock protrusion height (e 1 ﬁeet) i
o method 1

Copyright © 2007 Wildiand Hydrology
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Magruder BrancRIEESHEREHCBARESER SHHARY 1

River Name:
Reach Name:
Sample Name:
Survey Date:

Macgruder
Reach 1
Riffle
09/19/2007

9/18/2007

0 - 0.062
0.062 - 0.125
0.125 - 0.25
0.25 - 0.50
0.50 - 1.0
1.0

2.0
4.0
5.7
8.0

OooUVTRN
O ONOO

1.3
- 16.0
- 22.6
- 32.0
45

64

64 - 90

90 - 128
128 - 180
180 256
256 362
362 512
512 1024
1024 - 2048
Bedrock

D16 (mm)
D35 (mm)
D50 (mm)
D84 (mm)
D95 (mm)
D100 (mm)
Silt/Clay (%)
sand (%)
Gravel (%)
Cobble (%)
Boulder (%)
Bedrock (%)

[EY
(o)}
P11 oOOOoOw

Total Particles = 100.
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River Name:
Reach Name:
Sample Name:
Survey Date:

Macgruder
Reach 1

Reach Average
09/19/2007

0 - 0.062
0.062 - 0.125
.125 - 0.25
.25 - 0.50
.50 - 1.0

= ONOOO

64
90 - 128
128 - 180
180 - 256
256 - 362
362 - 512
512 - 1024
1024 - 2048
Bedrock

D16 (mm)
D35 (mm)
D50 (mm)
D84 (mm)
D95 (mm)
D100 (mm)
silt/Clay (%)
sand (%)
Gravel (%)
Cobble (%)
Boulder (%)
Bedrock (%)

COOOOOCON

6.62
17.89
30.43
61.47
83.5
128

76
14

Total Particles = 100.
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(o

River Name: Macgruder
Reach Name: Reach 1
Sample Name: Bar Sample
Survey Date: 09/19/2007
STEVE (mm) = "NET WT
63 1.6
31.5 8.1
16 8.5

8 7

4 6

2 2.9
PAN 4.5
D16 (mm) 3.32
D35 (mm) 8.73
D50 (mm) 15.6
D84 (mm) 50.1
D95 (mm) 65.47
D100 (mm) 70
Silt/Clay (%) 0
Sand (%) 11.22
Ggravel (%) 82.2
Cobble (%) 6.58
Boulder (%) 0
Bedrock (%) 0

Total weight = 40.1000.
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Magruder Branch Reference Reach Team 1

9/1

8/2007

Worksheet 5-3. Field form for Level Il stream classification (Rosgen, 1996; Rosgen and Silvey, 2005).

Stream: Macgruder, Reach - Reach 1
Basin: Drainage Area: 704  acres 1.1 mi®
Location:
Twp.&Rge: ; * = - ” . Sec.&Qtr.: ;
Cross-Section Monuments (Lat./Long.): 0 Lat/0 Long Date: 9/18/2007%
Observers: Team #1 Valley Type: Vi
Bankfull WIDTH (W) G
WIDTH of the stream channel at bankfull stage elevation, in a riffle section. 4759 |t
Bankfull DEPTH (d,.) : i
Mean DEPTH of the stream channel cross-section, at bankfull stage elevation, in a i ol
riffle section (dy = A / Wpe). =131 |t
Bankfull X-Section AREA (A,)
AREA of the stream channel cross-section, at bankfull stage elevation, in a riffle e
section. 2299 |12
Width/Depth Ratio (Wy/ dpy) Fi
Bankfull WIDTH divided by bankfull mean DEPTH, in a riffle section. - 18.43  |fi/ft
Maximum DEPTH (dpi) _
Maximum depth of the bankfull channel cross-section, or distance between the S
bankfull stage and Thalweg elevations, in a riffle section. 1 72 i
WIDTH of Flood-Prone Area (Wy,,) .
Twice maximum DEPTH, or (2 X dmu) = the stage/elevation at which flood-prone areaf = ;
WIDTH is determined in a riffle section. 786 |t
Entrenchment Ratio (ER)
The ratio of flood-prone area WIDTH divided by bankfull channel WIDTH Wipa/ Whig) 100 L
(riffle section). : 4.47 |t
Channel Materials (Particle Size Index ) D,
The Ds, particle size index represents the mean diameter of channel materials, as
sampled from the channel surface, between the bankfull stage and Thalweg L
elevations. ©30.43 mm
Water Surface SL.OPE (S)
Channel slope = "rise over run" for a reach approximately 20-30 bankfull channe!
widths in length, with the "riffle-to-riffle" water surface slope representing the gradient §. .
at bankfull stage. H 0.007 |/t
Channel SINUOSITY (k)
Sinuosity is an index of channel pattern, determined from a ratio of stream length
divided by valley length (SL / VL); or estimated from a ratio of valley slope dividedby | = = .
channel slope (VS /S). o 1.29
Stream (See Figure 2-14)
Type

Copyright © 2006 Wildland Hydrology

WARSSS page 5-29
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Magruder BraftiRReRRNYeHENER “HgamHATION

4lie (o7

9/18/2007

River Name: Macgruder
Reach Name:

Drainage Area: 1.1 sq mi

State: Maryland
County: Montgomery
Latitude: 0
Longitude: 0

Survey Date: 89/18/2007

Reach 1 <-- This is a Reference Reach

Classification Data

valley Type:

valley Slope:

Number of Channels:
width:

Mean Depth:
Flood-Prone width:
Channel Materials D50:
Water Surface Slope:
Sinuosity:

Discharge:

velocity:

Cross Sectional Area:
Entrenchment Ratio:
width to Depth Ratio:

Rosgen Stream Classification:

Type VIII
0.009
Single
17.59
1.31
78.6
30.43
0

1.29
140.08
4.12
22.99
4.47
13.43
c4

ft/ft

Tt
ft
ft

mm
ft/ft
cfs

fps
sq ft
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91607

River Name: Macgruder
Reach Name: Reach 1
Survey Date: 09/19/2007

Upper Bank .
Landform Slope:

Mass Wasting: _

Debris Jam Potential:
Vegetative Protection:

VIOYWN

Lower Bank

Channel Capacity:
Bank Rock Content:
Obstructions to Flow:
cutting:

Deposition:

AAOCOWWE

Channel Bottom

Rock Angularity:
Brightness:

Consolidation of Particles:
Bottom Size Distribution:
Scouring and Deposition:
Aquatic Vegetation:

WROVINRE

Channel Stability Evaluation

Sediment Supply:

Stream Bed Stability:

W/D Condition: Normal
Stream Type: c4
Rating - 66

Condition - Good
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aliglo7

Worksheet 5-10. Summary form of annual streambank erosion estimates for various study reaches.

Stream: Macgruder, Reach - Reach 1 Logcation:
Graph Used:; Total Bank Length (ft): 283 Date: 9/18/2007

Observers: Valley Type: Vill
Qtai;on (ft) BEHI rating [NBS rating |(Bank Length of |Study bank|Erosion Erosion
(Worksheet (Worksheet |erosion - |bank (ft) height (ft) |subtotal Rate
5-8) 5-9) rate [(4)x(5)x(6)] |(tons/yr/it)
(adjective) |[(adjective) [(Figure 5- (ft3hyr) {[(7)27] x
38 or 5-39) 1.3/ (5)}
(ftlvr)

— Root T n
'1;'.=Density @ ;;‘Modera_te.\
Hoot

2, density@ Moderate Low

e Tl e ) sw ] uieszs
sta iU/ 10

4. 84L Moderate Moderate | 0.3005217

- sta 21 7to
6. 166 R Moderate Moderate 0.3

Cpaes [

: A 5-__-Modera've.: v icikow:
sta 268
8. to254 L Moderate Moderate | 0.2967033
: StaBO t064 A e :\":":'3 il :': :T'.' tirai| Pt
QR :\-:\ i e : High i 0'13 St

10. sta80t0o O R 0.9996429

Total
Sum erosion subtotals in Column (7) for each BEHI/NBS combination | erosion |
(f*/yr)
Total
Convert erosion in ft%/yr to yds*/yr {divide Total erosion (ft>/yr) by 27} | erosion
(yds®fyr)
Convert erosion in yds®/yr to tons/yr {multiply Total erosion (yds®/yr) e:-:st:::n
by 1.3} (tons/yr)
Calculate erosion per unit length of channe! {divide Total erosion e;r::;:n
(tons/yr) by total length of stream (ft) surveyed} (tonslyritt) |
Copyright © 2006 Wildland Hydrology WARSSS page 5-81
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Magruder Branch Reference Reach Team 1 | 9/18/2007

River Assessment and Moni}oring: Reference Reach 1% Field Day

a. Riparian Vegetatibn .

Worksheet A-4. Riparian vegetation composition/density used for channel stability

assessment.
i, R . 'Riparian Vegetation -
Stream: /]/lm@ﬂ WOE 2. Location: ML
Disturbed
e | e ] S | ] _
Observers: LA reach) Date: 8 0F i
Existing —777 /10 /%fqgc, o fag e o | Potental i /4/74' C RS A At 5
species , S “ ‘ species. /44& B
composiﬁon:% )(5(2/ %ff/ﬁ/{;ﬁ&/ Eﬁzs:% composition: /// Xe/ W@yy/ s
" . Percent of total
Riparian cover Percent aerial | Percent of site . .
categories cover* coverage™* S composmp n species
composition
MPeLE Z
g
[ Canopy layer o Y
g py lay v Zo %,
(@)
-
R N
z NN
2 | Shrub layer \ — 5/
° ¥ N /
“N
Herbaceous 20°%
D
3 &\\\\\\Q TAP.
5 Leaf or need \§ :
D | Lea civ'rnee e lo %
o itter \ Condition, vigor and/or
g \\\ MUY usage of existing reach:
N
Bare ground \\ /5,
N\
*Based on crown closure.
**Based on basal area to surface area. COIUT(;‘O';/‘:M =
A16 Copyright © 2007 Wildiand Hydrology




Magruder Branch Reference Reach Team 1 9/18/2007

River Assessment and Monitoring: Reference Reach 1% Field Day

b. Filow Regime

.

Worksheet A-5. Fiow Regime variables that influence channel characteristics,
sediment regime and biological interpretations.

’ FLOW REGIME

Stream: MeCriupcg. Location: M D
Observers: rovr L Date: 9-/5 07
List ALL COMBINATIONS that .

APPLY = SiP 218

General Category

E Ephemeral stream channels: flows only in response to precipitation. Often used in conjunction

with intermittent.

Subterranean stream channel: flows parallel to and near the surface for various seasons - a sub-
surface flow that follows the stream bed.
Intermittent stream channel: one that flows only seasonally or sporadically. Surface sources
] involve springs, snowmelt, artificial controls, etc. Often this term is associated with flows that
reappear along various locations of a reach then run subterranean.

S

P Perennial stream channels: surface water persists yearlong.
Specific Category
1 . Seasonal variation in streamflow dominated primarily by snowmelt runoff.
2 Seasonal variation in streamﬂpw udém‘ihaﬂtvedﬂpr_ima‘rily by stormflow runoff.
3 Uniform stage and associated stfeén%ﬂowﬂue to"spring-fed condition, backwater, etc.
4 Streamflow regulated by glacial melt.
5 Ice flows/ice torrents from ice dam breaches.
6 Alternating flow/backwater due to tidal influence.
.7 Regulated streamflow due to diversions, dam release, dewatering, etc.

Altered due to development, such as urban streams, cut-over watersheds or vegetation
conversions (forested to grassland) that change flow response to.precipitation events.

9 Rain-on-snow generated runoff.

Copyright © 2007 Wildland Hydrology A17



9/18/2007
1% Field Day

Magruder Branch Reference Reach Team 1

River Assessment and Monitoring: Reference Reach

c. Stream Size and Order

Worksheet A-6. Stream size/order categones for stratlf cation by stream type.

I, Sircam Size and Order

Stream: MgRUOER.

Location:

MO

Observers:

T ELAA L

Date:

Y107

Stream Size Category and Order = |

S4(7) |

‘o | STREAMSIZE: Bankfull | Check (/)
Category | ‘width appropriate:
7 meters feet category

S-1 0.305 <1 I
S-2. 0.3-1.5 1-5 r
s-3 1.5-4.6 5-15 I
S-4 46-9 15— 30 v
S-5 9-15 30 - 50 ™~
S-6 15—-22.8 50 — 75 -
87 22.8 — 30.5 75-100 r
's-8--| 305-46 100 — 150 I
S-9 46 - 76 150 — 250 r
S-10 76 — 107 250 — 350 I~
S-11 107 — 150 350 — 500 N
S-12 150 — 305 500 — 1000 I
s-13 >305 >1000 I
R ~Stream:Order: . '

Add categones in parenthesus for specific stream order of
reach. For example a third order stream with a bankfull width
of 6.1 meters (20 feet) would be indexed as: S-4(3).

A18
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Magruder Branch Reference Reach Team 1 9/18/2007

River Assessment and Monitoring: Reference Reach 1% Field Day

f. Channel Blockages

Worksheet A-9. Various categories of in-channel debris, dams and/or channel
blockages u§éd‘ to 'evaluaté channel stability.

el Channel Blockages R
Stream: /I/Iaoox hw’/ﬁ' Ja ﬁfésm w% Location: /3’; M"f"anmmcjw CZ* /f/f 7\

Observers: Te din | Date: & //" 7,
s Ao g ', B Matenals whlch upon placement into the active channel or ﬂood- Check (/ )
" Descriptionlextént prone area, may cause adjustments in channel dimensions or- | -all that
it . conditions due to influences on the existing fiow regime. o apply
D1 None Minor amounts of small, floatable material. -
D2 Infrequent Debris consists of small, easily moved, floatable material, e.g., leaves, ﬂ/

needles, small limbs and twigs.

Increasing frequency of small- to medium-sized material, such as large .
D3 Moderate limbs, branches and small logs, that when accumulated, affect 10% or less V/
of the active channel cross-section area.

Significant build-up of medium- to large-sized materials, e.g., large limbs,
D4 Numerous branches, small logs or portions of trees that may occupy 10-30% of the r~
active channel cross-section area.

v Debris "dams” of predominantly larger materials, e.g., branches, logs and
D5 Extensive frees, occupying 30-50% of the active channel cross-section area, often -
extending across the width of the active channel. )

Large, somewhat continucus debris "dams," extensive in nature and
occupying over 50% of the active channel cross-section area. Such r
accumulations may divert water into the flood-prone areas and form fish i
migration barriers, even when flows are at less than bankfull. = .

D6 Dominating

D7 Beaver dams: | An infrequent number of dams spaced such that normal streamflow and r
Few expected channel conditions exist in the reaches between dams. B
Beaver dams: Frequency of dams is such that backwater conditions. exist for channel

D8 Frequent reaches between structures where streamflow velocities are reduced and W

channel dimensions or conditions are influenced.
Beavea Numerous abandoned dams, many of which have filled with sediment and/or

D9 Abandoned " | breached, initiating a series of channel adjustments, such as bank erosion, -

lateral migration, avulsion, aggradation and degradation.
Structures, facilities or materials related to land uses or development located
T within the flood-prone area, such as diversions or low-head dams, controlled
D10 influences by-pass channels, velocity control structures and various transportation o

encroachments that have an influence on the existing flow regime, such that
significant channel adjustments occur.

Copyright © 2007 Wildland Hydrology A21
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Magruder Branch Reference Reach Team 1 9/18/2007

River Assessment and Monitoring: Reference Reach - 1°' Field Day

d. Meander Patterns

Worksheet A- 7 Meander pattern relations used for interpretations for river stability.

=

Meander Patterns
Stream: AL st iy /B (’Z(,-'m'{/\ Reach: |
Observers: /“Tm;.m{ Date: ¢ It %/3’7?

List ALL CATEGORIES that APPLY < /Vl 2

Various Meander Pattern varlables modified from Galay et al ( 1973)

B e T A "/u"S’:..ctﬁY‘r i

*W&«-«n -
M IRREGULAR MEANDERS

- M8 IRREGULAR MEANDERS with Rbeae
and oxbow cutoffs

Copyright © 2007 Wildland Hydrology A19



Magruder Branch Reference Reach Team 1 9/18/2007

River Assessment and Monitoring: Reference Remch 7~ 1% Field Day =~

e. Depositional Patterns

Worksheet A-8. Depositional pattems us=d for stability assessment mterpretatlons

Deposi tlanaI Patterns

Stream: /ﬂmc‘,f UL S Reach: ) , _
Observers: \1—?‘:/1 o Date: 7 / )i E?747 7
List ALL. CATEGORIES that APPLY <= Bl

Various Depositional Featuress modified from Galay et al. (1973)

B6 Mam Channel Branchmg wnth Numerous MID-
CHA_N@IEL BARS apd Isiands

B7 SIDE BARS AND MID-CHANNEL BARS with
= Length Exceeding 2 to 3 Channel Widths

SIDE BARS Gl DELTA BARS

R DA
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Magruder Branch Reference Reach Team 1

9/18/2007

Worksheet 5-8. Form to calculate Bank Erosion Hazard Index (BEHI) variables and an overall BEHI rating
(Rosgen, 1996, 2001a). Use Figure 5-19 with BEHI variables to determine BEHI score.

Stream: Macgruder, Reach - Reach 1 Location:
Station: Roots density @85% Observers:
Date: 09/18/07 Stream Type: C 4 Valley Type: VIII
- 1 - BEHI Score
Studv Bank Helght / Bankfull Helght ( C ) (Fig. 5-19)
Study 7 B Bankiull _ :__:_2: o 1 _ 5
Bank £ | Height i (A)/(B)4 i
Height (ft) = {A) (it) =| (B) (C) L
Root Depth / Study Bank Helght ( E )
Root :” StUdy Fy igats
Depth 2 pE Bank 2 . (D)/(A) i 1
(ft) = (D)] Height (1) = L (A) (E)
Welghted Root Densﬂy ( G )
Root : 3 )”Z it .l i‘“‘: SR Eay 4 i
Density | 85 | (F)x(E) =} 85 |
as % = (F) (G)
Bank Angle ( H)
Bank I ;-‘.4;
ange | 82
as Degrees = _(H)
Surface Protectlon ( I )
Surface HoeEn
Protection ’ 35
as% = ()
: ‘Bank Material Adjustment;
Bedrock (Overall Very Low BEHI) Bank Material
Boulders (Overall Low BEHI) Adjustment
Cobbile (Subtract 10 points if uniform medium to large cobble)
Gravel or Composite Matrix (Add 5-10 points depending on Stratification Adjustment
percentage of bank material that is composed of sand) Add 5-10 points, depending on
Sand (Add 10 points) position of unstable layers in
Silt/Clay (no adjustment) relation to bankfull stage
Very Low| Low | Moderate | High | Very High | Extreme Adjective Rating
i it e e iL and
5-95 | 10-19.5 [ 20- 205 | 30-239.5 | 40-45 | 46-50 Total Score
Bank Sketch -
12 B 3 Root
11 > epth (D)
= 10 E § Bank
% 9 % o Angle
8 \ 58
g 7 :,-::*_\‘ E * . ’.g-i!.)\
E- - e e o S N S — ———— — | 77,2 itk o Y 3
= 5 £%
2 4 5 9
T e
o 3 a
>
2 Start
1 ~ of
0 Bank
0 1 2 3 4 5 6
Horizontal distance (ft)

Copyright © 2006 Wildland Hydrology
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Magruder Branch Reference Reach Team 1 9/18/2007

Worksheet 5-8. Form to calculate Bank Erosion Hazard Index (BEHI) variables and an overall BEHI rating
(Rosgen, 1996, 2001a). Use Figure 5-19 with BEHI variables to determine BEHI score.

Stream: Macgruder, Reach - Reach 1 Location:
Station: Root density @ 30% Observers:
Date: 09/18/07 Stream Type: C4 Valley Type: VIII
- P BEHI Score
Study Bank Helght / Bankfull Helght ( C ) (Fig. 5-19)
Study _ Bankfull | 1 5 : 1 i
Bank | 7 | Height | (A)/(B 8
Height@y={ (A) ()= (B) e
Root Depth / Study Bank Helght ( E )
Root | . [ Study | = e :
Depth 0.8 Bank | 1 5 |l D)/(A)= 0 53333f
=l (D)Heightws=|  (A) (E)
Weighted Root Densny( G )
Root HErEa e
Density (ISR (Fyx(E) <O
as %=l i (F) i I(G)
Bank Angle (H )
Bank el
Angle 64

as Degrees = | '-(H)
Surface Protectlon (1)

Surface 13 L '
Protection i
as% = (1)

i Bank Material Adjustment:
Bedrock (Overall Very Low BEHI)
Boulders (Overall Low BEHI)

Bank Material
Adjustment

Cobble (Subtract 10 points if uniform medium to large cobble)

Gravel or Composite Matrix (Add 5-10 points depending on Stratification Adjustment
percentage of bank material that is composed of sand) Add 5-10 points, depending on
Sand (Add 10 points) position of unstable layers in
Silt/Clay (no adjustment) relation to bankfull stage

Adjective Rating ! |
and
Total Score

Very Low| Low |Moderate| High |Very H|gh| Extreme

5-9.5 | 10-19.5 20—29.5 30 395| 40 - 45 46-—-50

Bank Sketch
12 3 Root
11 § epth (D)
= 10 = f<: 1) Bank
% 9 z o 4. Angle
g o =+ WG]
s 7 - 2 o [ —_
'% s IR IS SR S NS S RPN S R S B s SR |77t At ) Wi - 1o e
: {fgs
T O paiill €
L 4 X S5 3
£ @B
[ 3 o
= 2
Start
L of
0 Bank
0 1 2 3 4 5 6
Horizontal distance (ft)
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Magruder Branch Reference Reach Team 1

9/18/2007

Worksheet 5-8. Form to calculate Bank Erosion Hazard Index (BEHI) variables and an overall BEHI rating
(Rosgen, 1996, 2001a). Use Figure 5-19 with BEHI variables to determine BEHI score.

Stream: Macgruder, Reach - Reach 1 Location:
Station: Root Density @ 20% Observers:
Date: 09/18/07 Stream Type: C 4 Valley Type: VIl
R - 1 - BEHI Score
Studv Bank Helght / Bankfull Helght (C ) (Fig. 5-19)
Study | . = | Bankfull e
Bank ; 15 | Height L 2 (A)/(B)= 0"75 |
Height@ =} (A) W= (B) (©)
Root Depth / Study Bank Helght ( E)
Root | ~a Study
pepth | 2% | Bank | _" 5 | a4 53333
(ft) = _(D)] Height () = | i | HE)
Welghted Root Den3|ty ( G)
Root e =
Density 20 (F)x(E) =} 106667:
aS%:, e (F) (G)
Bank Angle ( H )
Bank
Angle 1 1 0 .
as Degrees = (H)
Surface Protectlon ( | )
Surface il
Protection 33
as% =} . (I)
' Bank Material Adjustment:
Bedrock (Overall Very Low BEHI) Bank Material
Boulders (Overall Low BEHI) Adjustment
Cobbile (Subtract 10 points if uniform medium to large cobble)
Gravel or Composite Matrix (Add 5-10 points depending on Stratification Adjustment
percentage of bank material that is composed of sand) Add 5-10 points, depending on
Sand (Add 10 points) position of unstable layers in
Silt/Clay (no adjustment) relation to bankfull stage
VeryLow| Low | Moderate | High | VeryHigh | Extreme Adjective Rating |

5-95 | 10 —195 II 20-20.5 | 30 - 39.5 'I 40— 45

46 - 50

Total Score

and

Vertical distance (ft)

Bank Sketch

—_
O = MNWAOOEND®OO=2N

o

2 3

4

Horizontal distance (it)

STUDY BANK
Height (A)

Angle

—
Surface ¥
Protection (1) *<
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Magruder Branch Reference Reach Team 1 9/18/2007

Worksheet 5-8. Form to calculate Bank Erosion Hazard Index (BEHI) variables and an overall BEHI rating
(Rosgen, 1996, 2001a). Use Figure 5-19 with BEH| variables to determine BEHI score.

Stream: Macgruder, Reach - Reach 1 Location:
Station: sta80toOR Observers:
Date: 09/18/07 Stream Type: C 4 Valley Type: VIII
- D BEHI Score
Studv Bank Helght / Bankfull Helght (C ) (Fig. 5-19)
study :::: 3ot Bankfull - i
Bank | 3. | Height 16 ' (A)/(B): 1875
Height@={ = (A) (ff) 1 (B) (©)
Root Depth / Study Bank Helght ( E )
Root TR Study .."'..\“:,.,'- ::v“".j : i ST
(ft) = :.5.1.:..:.:.:.:.:(p:) Height(=| - « : '« (A)
Weighted Root Densny ( G )
Density 25 (F)x(E) = 116667
as%=F L (E) (G)
Bank Angle ( H )
Bank g
Angle
asDegrees = | :(H)
Surface Protectlon ( 1)
Surface s
Protection | 20
as% = (1)
g ‘Bank Material Adjustment: . .
Bedrock (Overall Very Low BEHI) Bank Material |
Boulders (Overall Low BEHI) Adjustment |
Cobble (Subtract 10 points if uniform medium to large cobble)
Gravel or Composite Matrix (Add 5-10 points depending on Stratification Adjustment
percentage of bank material that is composed of sand) Add 5-10 points, depending on
Sand (Add 10 points) position of unstable layers in
SIIYClay (no adjustment) relation to bankfull stage

Very Low| Low Moderate | High | VeryHigh | Extreme
[ieebniibsn b oL b A ety e b 44 it 1T
5-95 | 10-19.5 | 20-29.5 | 30-39.5 | 40-45 | 46-50

Adjective Rating |
and i
Total Score

Bank Sketch kT
12 Y 3 Root
11 g epth (D)
Zg
. 10 =5 Bank
% 9 5 o Angle
g o 2 ¥ AW
8 7 e — | » b
[7 - A S N SR IS R I A I (Y I SR SR O ———, W < - 1 0} RV | | —
5 6 §8
- 5 @ =
[ t o
2 4 22
< @5
Q 3 o
> 2
Start
1 of
0 Bank
0 1 2 3 4 5 6
Horizontal distance (ft)
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Magruder Branch Reference Reach Team 1 9/18/2007

Worksheet 5-8. Form to calculate Bank Erosion Hazard Index (BEHI) variables and an overall BEHI rating
(Rosgen, 1996, 2001a). Use Figure 5-19 with BEHI variables to determine BEHI score.

Stream: Macgruder, Reach - Reach 1 Location:
Station: sta 211 to 166 R Observers:
Date: 09/18/07 Stream Type: C4 Valley Type: VIII
- T R BEHI Score
Study Bank Helght / Bankfull Helght (C) (Fig.5-19)
Study | 4. .| Bankfull LG
Bank | 15 | Height ¢ = (A)Y/(B)=| 065217
Heightt=l (A @ =fil (B) e
Root Depth / Study Bank Helght (E )
Root | .. | Study i
pepth | 92 | Bank [ 12 ) (D)/(a)- 0 6
=l (D) Heighta=[ (A (E)
Welghted Root Dens1ty ( G )
Root
Density |  © ey
as % =hii L H(E) (G)
Bank Angle ( H )
Bank
Angle 1 1 0
as Degrees = (H)
Surface Protectlon (1 )
Surface e
Protection | 40
as% = (1)
. . Bank Material Adjustment:
Bedrock (Overall Very Low BEHI) Bank Materia
Boulders (Overall Low BEHI) Adjustment :
Cobble (Subtract 10 points if uniform medium to large cobble)
Gravel or Composite Matrix (Add 5-10 points depending on Stratification Adjustment
percentage of bank material that is composed of sand) Add 5-10 points, depending on
Sand (Add 10 points) position of unstable layers in
Silt/Clay (no adjustment) relation to bankfull stage .

Very Low| Low |Moderate| High |Very High | Extreme .
I TS R i L

5-95 | 10-195 | 20— 29.5 | 30— 39.5| 40-45 | 46-50

and
Total Score

Bank Sketch
12 Root
= 10 = f’ Bank
b 9 Z 5 Angle
3 8 2T \ H
§ 7 i — o I e
% 64— e e = T e e e e - e = Q ?_:,
o5
S £3
L 4 a o
T S
(3 3 a
> 2
Start
1 of
0 Bank
0 1 2 3 4 5 6
Horizontal distance (ft)
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“Team Magrud 8P BRIRBAREMNTSREIREHER e dihEr (BEHL)  9/18/2007

lelo7 ~

River Name: Macgruder

Reach Name: Reach 1

BEHI Name: sta 107 to 84 L
Survey Date: 09/19/2007

Bankfull Height* 0 ft- - -
Bank Height: 2.5 ft

Root Depth: 0 ft

Root Density: 0 %

Bank Angle: 0 Degrees
surface Protection: 0 %

Bank Material Adjustment: O
Bank Stratification Adjustment: None O

Erosion ‘-Loss Curve: Yellowstone

NBS Method #5: Ratio of Near-Bank Maximum Bankfull Depth to
Mean Bankfull Depth

NB Max Depth: 2.3 ft Mean Depth: 1.5 ft
Ratio: 1.53

BEHI Numerical Rating: 0

BEHI Adjective Rating:

NBS Numerical Rating: 1.53

NBS Adjective Rating: Moderate

Total Bank Length: 23 ft ;
Estimated Sediment Loss: 0.64 Cu Yds per Year
Estimated Sediment Loss: 0.83 Tons per Year



~TearMagrud 8P ERRBRHRAL SROETRESRARR MRS (BEHD)  9/18/2007

_abede

River Name: Macgruder

Reach Name: Reach 1

BEHI Name: STA 166 TO 118 L
survey Date: 09/19/2007

Bankfull Heights 0 ft- - -
Bank Height: 2.3 ft

Root Depth: 0 ft

Root Density: 0 %

Bank Angle: O Degrees
surface Protection: 0 %

Bank Material Adjustment: O
Bank Stratification Adjustment: None O

Erosion . Loss Curve: Yellowstone

NBS Method #5: Ratio of Near-Bank Maximum Bankfull Depth to
Mean Bankfull Depth

NB Max Depth: 2.3 ft Mean Depth: 1.5 ft
Ratio: 1.53

BEHI Numerical Rating: O

BEHI Adjective Rating:

NBS Numerical Rating: 1.53

NBS Adjective Rating: Moderate

Total Bank Length: 48 ft

Estimated Sediment Loss: O Cu Yds per Year
Estimated Sediment Loss: O Tons per Year



Tean fha grud BFBRIARH FBANS, ERESTREHMBFARPINREYX (BEHL)  9/18/2007

River Name: Macgruder

Reach Name: Reach 1

BEHI Name: Roots density @85%
Survey Date: 09/19/2007

Bankfull Height® 2 ft- - -
Bank Height: 2 ft

Root Depth: 2 ft

Root Density: 85 %

Bank Angle: 62 Degrees
surface Protection: 85 %

Bank Material Adjustment: O
Bank Stratification Adjustment: None O

Erosion -Loss Curve: Yellowstone

NBS Method #5: Ratio of Near-Bank Maximum Bankfull Depth to
Mean Bankfull Depth

NB Max Depth: 1.8 ft Mean Depth: 1.5 ft
Ratio: 1.20

BEHI Numerical Rating: 9.4

BEHI Adjective Rating: Very Low

NBS Numerical Rating: 1.20

NBS Adjective Rating: Low

Total Bank Length: 6 ft

Estimated Sediment Loss: 0.01 Cu Yds per Year
Estimated Sediment Loss: 0.01 Tons per Year



Team AMagrud 8FSRAARAH RS ERESTREHERZARFRANREX (BEHL)  9/18/2007

9lielo7

River Name: Macgruder

Reach Name: Reach 1

BEHI Name: Root density @ 30%
survey Date: 09/19/2007

Bankfull Height¥ 1.5 ft ~
Bank Height: 1.5 ft

Root Depth: 0.8 ft

Root Density: 30 %

Bank Angle: 64 Degrees
surface Protection: 13 %

Bank Material Adjustment: O
Bank Stratification Adjustment: None O

Erosion ‘Loss Curve: Yellowstone

NBS Method #5: Ratio of Near-Bank Maximum Bankfull Depth to
Mean Bankfull Depth

NB Max Depth: 1.83 ft Mean Depth: 1.5 ft
Ratio: 1.22

BEHI Numerical Rating: 25.1

BEHI Adjective Rating: Moderate

NBS Numerical Rating: 1.22

NBS Adjective Rating: Low

Total Bank Length: 66 ft

Estimated Sediment Loss: 0.44 Cu Yds per Year
Estimated Sediment Loss: 0.57 Tons per Year



KLVEKMUKFH BANK ERUD1LUN HAKZAKD LNDEX {(BEHL)

fﬁgﬁggruder Branch Reference Reach Team 1 0/18/2007

River Name: Macgruder

Reach Name: Reach 1

BEHI Name: Root Density @ 20%
Survey Date: 09/19/2007

Bankfull Height; 2 ft .
Bank Height: 1.5 ft

Root Depth: 0.8 ft

Root Density: 20 %

Bank Angle: 110 Degrees
Surface Protection: 33 %

Bank Material Adjustment: O
Bank Stratification Adjustment: None 0O

Erosion Loss Curve: Yellowstone

NBS Method #5: Ratio of Near-Bank Maximum Bankfull Depth to
Mean Bankfull Depth

NB Max Depth: 2 ft Mean Depth: 1.5 ft
Ratio: 1.33

BEHI Numerical Rating: 27.7

BEHI Adjective Rating: Moderate

NBS Numerical Rating: 1.33

NBS Adjective Rating: Low

Total Bank Length: 64 ft

Estimated Sediment Loss: 0.43 Cu Yds per Year
Estimated Sediment Loss: 0.56 Tons per Year



TeamMagrudF\BRIARPH ReafrRCEIRE HERZARPeAMAEX (BEHI)  9/18/2007

River Name: Macgruder

Reach Name: Reach 1

BEHI Name: sta 268 to254 L
survey Date: 09/19/2007

Bankfull Height® 0 ft
Bank Height: 1.3 ft
Root Depth: 0 ft

Root Density: 0 %

Bank Angle: O Degrees
surface Protection: 0 %

Bank Material Adjustment: O
Bank Stratification Adjustment: None 0O

Erosion 'Loss Curve: Yellowstone

NBS Method #5: Ratio of Near-Bank Maximum Bankfull Depth to
Mean Bankfull Depth

NB Max Depth: 2.3 ft Mean Depth: 1.5 ft
Ratio: 1.53

BEHI Numerical Rating: O

BEHI Adjective Rating:

NBS Numerical Rating: 1.53

NBS Adjective Rating: Moderate

Total Bank Length: 14 ft

Estimated Sediment Loss: 0.2 Cu Yds per Year
Estimated Sediment Loss: 0.26 Tons per Year



Jlllagruder Branch Reference Reach Team T = 9/18/2007

River Name: Macgruder

Reach Name: Reach 1

BEHI Name: sta 254 to 244 L
Survey Date: 09/19/2007

Bankfull Heights O ft . -
Bank Height: 2 ft

Root Depth: 0 ft

Root Density: 0 %

Bank Angle: O Degrees
Surface Protection: 0 %

Bank Material Adjustment: O
Bank Stratification Adjustment: None 0

Erosion Loss Curve: Yellowstone

NBS Method #5: Ratio of Near-Bank Maximum Bankfull Depth to
Mean Bankfull Depth

NB Max Depth: 1.8 ft Mean Depth: 1.5 ft
Ratio: 1.20

BEHI Numerical Rating: O

BEHI Adjective Rating:

NBS Numerical Rating: 1.20

NBS Adjective Rating: Low

Total Bank Length: 10 ft

Estimated Sediment Loss: 0.09 Cu Yds per Year
Estimated Sediment Loss: 0.12 Tons per Year



Tfs/Im MagruderBryesPHRE AROSIRE #6RZARTENREK (BEHI)  9/18/2007
CAlelea e

River Name: Macgruder

Reach Name: Reach 1

BEHI Name: sta 211 to 166 R
Survey Date: 09/19/2007

Bankfull Height: 2.3 ft
Bank Height: 1.5 ft

Root Depth: 0.9 ft

Root Density: 30 %

Bank Angle: 110 Degrees
surface Protection: 40 %

Bank Material Adjustment: O
Bank Stratification Adjustment: None O

Erosion Loss cCurve: Yellowstone

NBS Method #5: Ratio of Near-Bank Maximum Bankfull Depth to
Mean Bankfull Depth

NB Max Depth: 2.3 ft Mean Depth: 1.5 ft
Ratio: 1.53

BEHI Numerical Rating: 26.8

BEHI Adjective Rating: Moderate

NBS Numerical Rating: 1.53

NBS Adjective Rating: Moderate

Total Bank Length: 45 ft

Estimated Sediment Loss: 0.75 Cu Yds per Year
Estimated Sediment Loss: 0.98 Tons per Year



[EArm 7] RI RMORPH_BANK EROSIQON HARZA INDE (BEHL)
%M%gruder rancﬁ ReAPerence eacﬁ BfDeam f( 9/18/2007

River Name: Macgruder
Reach Name: Reach 1

BEHI Name: sta 80 to O R
Ssurvey Date: 09/19/2007

Bankfull Heightz 1.6 ft -
Bank Height: 3 ft

Root Depth: 1.4 ft

Root Density: 25 %

Bank Angle: 90 Degrees
surface Protection: 20 %

Bank Material Adjustment: 0
Bank Stratification Adjustment: None 0

Erosion Loss Curve: Yellowstone

NBS Method #5: Ratio of Near-Bank Maximum Bankfull Depth to
Mean Bankfull Depth

NB Max Depth: 3 ft Mean Depth: 1.6 ft
Ratio: 1.88

BEHI Numerical Rating: 34.9

BEHI Adjective Rating: High

NBS Numerical Rating: 1.88

NBS Adjective Rating: High

Total Bank Length: 84 ft

Estimated Sediment Loss: 9.33 Cu Yds per Year
Estimated Sediment Loss: 12.13 Tons per Year



TearViag rud 8L EERYBPHREES RO IRE H#6RZARTE ANREK (BEHI)  9/18/2007
GRS L. Bt Rt g3

River Name: Macgruder
Reach Name: Reach 1

BEHI Name: sta 60 to 64 R
Survey Date: 09/19/2007

Bankfull Height? 0 ft -
Bank Height: 3 ft

Root Depth: 0 ft

Root Density: 0 %

Bank Angle: O Degrees
Surface Protection: 0 %

Bank Material Adjustment: O
Bank Stratification Adjustment: None 0

Erosion 'Loss Curve: Colorado

NBS Method #5: Ratio of Near-Bank Maximum Bankfull Depth to
Mean Bankfull Depth

NB Max Depth: 3 ft Mean Depth: 1.6 ft
Ratio: 1.88

BEHI Numerical Rating: O

BEHI Adjective Rating:

NBS Numerical Rating: 1.88

NBS Adjective Rating: High

Total Bank Length: 4 ft

Estimated Sediment Loss: 0.06 Cu Yds per Year
Estimated Sediment Loss: 0.08 Tons per Year



“Teriagruder Bran8EVRRMeRRh BEHR SHIMMART &ERIRT

River Name: Macgruder

Reach Name:

Reach 1

9/18/2007

ST

268 to254

Bank Xdentification Summary

Roots density @85%
Root density @ 30%
Root Density @ 20%

L

254 to 244 L
211 to 166 R
166 TO 118 L

107 to 84

80 to O R

L

60 to 64 R

Table 1.

Bank Name
1
2
3

4 sta
5 sta
6 sta
7 STA
8 sta
9 sta
10 sta

Table 2.

BEHI
Numeric

Bank Rating

1 9.4

2 25.1

3 27.7

4 0

5 0

6 26.8

7 0

8 0

9 34.9

10 0

Totals

BEHI
Adjective
Rating

Very Low
Moderate
Moderate
Moderate
Moderate

" Moderate

Low
Moderate
High

Low

Total Reach Ln: 283

NBS
Adjective Length
Rating ft
Low 6
Low 66
Low 64
Moderate 14
Low 10
Moderate 45
Moderate 48
Moderate 23
High 84
High 4
364

Predicted Annual Bank Erosion Rates

Loss
cu yds/yr

0.01
0.44
0.43
0.2
0.09
0.75
0
0.64
9.33
0.06

11.95

Loss
tons/yr

=
ONO OOOCOOO

15.

.01
.57
.56
.26
.12
.98

0

.83
.13
.08

54

Total Loss (tons/yr) per ft of Reach: 0.0549



Magruder Branch Reference Reach Team 1 9/18/2007

Worksheet 5-10. Summary form of annual streambank erosion estimates for various study reaches.

Stream: Macgruder, Reach - Reach 1 Location:
Graph Used; Total Bank Length (ft): 283 Date: 9/18/2007
Observers: Valley Type: VIII Stream Type: C 4

= &
Station (ft) BEHI rating [INBS.rating [Bank  |Length of [Study bank|Erosion Erosion
(Worksheet |[(Worksheet |erosion bank (ft) height (ft) |subtotal Rate
5-8) 5-9) rate [(4)x(5)x(6)] |(tons/yr/ft)
(adjective) ((adjective) |(Figure 5- (ft*1yr) {[(7)/27]
38 or 5-39) 1.3/ (5)}
(ft/vr)
Root z 7 T [T i :_\":\,:; i £ T
1. Density @ | Moderate | Low |01 0.01
Hoot
2. density @ Moderate Low 0.12 66 1.5 0.01
ROOtS \::::.::\ ST b i T iy i TR [T ;

5 density | Verylow | Low
sta 107 10

4, 84 L Moderate 0.3005217 0.04
o psEE | Moderate | 0 0,00

Moderate Moderate 0.3 45

| 0421

8. 10254 L Moderate 0.2967033
B L Jiaeassn e ekl

0.9996429

10. sta80to OR Hi'gh

1.

12;

14.

Gl

~Tota
Sum erosion subtotals in Column (7) for each BEHI/NBS combination | erosion

(ft31yr)
Total
Convert erosion in ft*yr to yds®/yr {divide Total erosion (ft*/yr) by 27} erosion
(vds®/yr)
Convert erosion in yds®/yr to tons/yr {multiply Total erosion (yds®/yr) e;r:st:n
by 1.3} (tons/yr)
Calculate erosion per unit length of channel {divide Total erosion e;r:st;:n
(tons/yr) by total length of stream (ft) surveyed} (tons/yr/ft) __?
Copyright © 2006 Wildland Hydrology WARSSS page 5-81



E‘AMﬁtgruder Branch Refeféihed RegdthSUMEsh 1 9/18/2007
L Asley

River Name: Macgruder
Reach Name: Reach 1

Stream Type valley Type D50(mm) val Slope BKF Q(cfs) DA(sq mi)
C 4 VIIIT 30.43 0.009 140.08 1.1

Dimension Summary

Database based on the following Cross Sections:

variable Min Avg Max
Floodprone width (ft) 134.7 134.7 134.7
Riffle Area (Ssq ft) 34.03 34.03 34.03
Max Riffle Depth (ft) 1.72 1.72 1.72
Mean Riffle Depth (ft) 1.62 1.62 1.62
Riffle width (ft) 21 21 21
Pool Area (Ssq ft) 27 .42 27 .42 27.42
Max Pool Depth (ft) 2.77 2.77 2.77
Mean Pool Depth (ft) 1.75 1.75 1.75
Pool width (ft) 15.71 15.71 15.71
Run Area (Sq ft) 29.79 29.79 29.79
Max Run Depth (ft) 1.95 1.95 1.95
Mean Run Depth (ft) 1.51 1.51 1.51
Run width (ft) 19.72 19.72 19.72
Glide Area (sq ft) 28.93 28.93 28.93
Max Glide Depth (ft) 2.3 2.3 2.3
Mean Glide Depth (ft) 1.33 1.33 1.33
Glide width (ft) 21.72 21.72 21.72
Pattern Summary

variable Min Avg Max
Sinuosity 1.29

Meander wavelength (ft) 160 160 160
Radius of curvature (ft) 14 31 48
Belt width (ft) 34 42.5 51
Profile Summary

Data Based on the following:

variable Min Avg Max

S riffle (ft/ft) 0.01874 0.01974 0.02074
S pool (ft/ft) 0.00145 0.00232 0.0037
S run (ft/ft) 0.02561 0.02561 0.02561
S glide (ft/ft) 0.00325 0.01094 0.02572
P - P (ft) 32.62 35.36 39.3
Pool length (ft) 7.71 11.13 13.61
Riffle length (ft) 31.08 51.51 71.93
Dmax riffle (ft) 0 1.72 0

Dmax pool (ft) 2.77 2.77 2.77
Dmax run (ft) 1.95 1.95 1.95
Dmax glide (ft) 2.3 2.3 2.3
Low bank ht (ft) 2.28 2.3 2.31



Bankfy)d HRRS: Breich Reference Reach Tedm 1 9/18/2007

Hydraulic Summary

variable Min Avg Max
Discharge (cfs) 140.08
velocity (fps) 4.12

Hyd Radius (ft) 1.52 1.52 1.52

TEam aligley T
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‘Magruder Branch Reference Reach Team 1
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Magruder Branch Reference Reach Team 1 9/18/2007
. River Assessment.and Monitoring: Reference Reach. - 1%t Field Day
Worksheet A-24. Overall sediment supply rating determined from individual stability .
rating categories.
Stream: N H€uvon Stream Type: < %
Location: if=(. - ... . - Valley Type: &)
Observers: TEAM 1 Date: -46>G1
‘Overail sediment supply Pl s
prediction criteria. . b7 : e
{choose corresponding Stability rating Points Sgﬂ:ztt:fd
“-points for each criterion v P i) P P
Stable 1
Lateral stability Mod. unstable 2 ’
* (Worksheet A-20) Unstable 3
Highly unstable 4
Vertical stability No deposition 1
2 excess deposition/ Mod. deposition 2 .
aggradation Excess deposition 3 /
(Worksheet A-21) Aggradation 4
Vertical stability Not incised 1
3 channel incision/ Slightly incised 2 L '
‘degradation Mod. Incised 3 4
: (Wo;kshggt A-22) Degradation 4
Channel enlargement g: l:f:ﬁ:f:ase ;_
4 prediction (Worksheet g -
- Mod. increase 3
A-23) -
Extensive 4
s craml | S0 2B ]
5 stability (Worksheet A- ' . I
) Poor: unstable 4
Total Points 6
Category point range
Overall sediment supply ) - .
rating (use total points L:w M:de::te 1:"9:‘5 V‘:;y T(?h
and check stability rating) - - -
r ™ r r

A84 Copyright © 2007 Wildiand Hydrology




Magruder Branch Reference Reach Team 1

River Assessment and Monitoring: Reference Reach

Worksheet A-23. Channel enlargement prediction summary.

- 9/18/2007

1% Field Day

Channel-enjargement |

" .. Channel enlargement prediction categories

Stream: MceCorinos £ Stream Type: C 4
Location: Valley Type: o
Observers: T E A L Date: 9'/8:07}

Selected

predictiony criteria SR e ‘ TR (RS R - points
(choose one stability RENE e “u R | RO N .ﬁModerate e .- . S et
- category foreach - Noilncrease | Slightincreasa | oo oo . Extensive 1 i’;:,';‘ Saoh
eriterion 1-4) | Mk E : T '
Stream type at
) potential, (C—E), (C—-D), (B=G),
Successional stage | (¢, .B), (G-B), (E—C) (G—F), (F=D) | (D~G), (C—G),
1 shift (WorksheetA- | (r_,p) (F-C), (E-G), (C—F) | - /’4
19) (D—C) 2 -----
2) @ (6) (@
- Moderately .
Lateral stability Stable Unstable Highly unstable
2 unstable
(Worksheet A-20) . Z
(2) 4) (6) (8)
Vertical stability
3 excess deposition/ No deposition iop(joesl}z:en Excess deposition Aggradation
aggradation é,
- (Worksheet A-21) | el T @ T @ T @]
4 _i\:‘i‘;i:::‘ls;‘aezi:iatza tion Not incised Slighﬂy incised Moderafély ihciseu Degrada'(jon 4 :
{(Worksheet A=22) B iiracmea et e e
(2) (4) (6) (8)
: Total poinis} {LO
| Catégoiy point range
Channel enlargement _ Moderate _
prediction (use total No increase | Slight increase increase Extensive
points and check stability 8-10 11~ 18 17 =24 > 24
rating) r —~J r I~

Copyright © 2007 Wildland Hydrology

A83




" River Assessment and Monitoring: Reference Reach

9/18/2007

gt Field Day

Worksheet A-22. Vertical stability prediction for channel incision/degradation.

Stream: MCBIRLOE #. Stream Type: C 4
Location: Valley Type: &
Observers: 7 AAL. L - pate: 9 [18]07
Ve rticalstabxhty - Vertical stability categories for channel incision / degradation | S‘éiég ted .
griteria (chooseone: | Moderatel points (frorﬁ‘
_-stabllity categoryfor - - ‘Not'incised | Slightly incised] ° e d y Degradation each row)
each criterion 1-5) R "“9‘_5‘3 _
Trend to move
Does not ; Particles much
Sediment indicate excess Igrge;fsgaersotrhfn D100e°df bed Iarger than D1w
1 competence competence D1°°  bed mov of bed moved 3
(Worksheet A-18) 84 O 8
(2) (4) (6) (8)
" Excess energy
Does not Stight e.xcess sufficient to e en ergy
. oo energy: up to ; transporting more 2
Sediment capacity indicate excess . increase load up o
2 capaci 10% increase 10 50% of than 50% of
(POWERSED) pacity above reference ? annual load
annual load
(2) (4) (6) (8)
Degree of channel 1.00-1.10 1.141-1.30 131-1.50 >1.50
3 incision (BHR) 4__
(Workshet A-10)  fromenomomoemsemms oo oo o o oo o ]
(2) 4) (6) (8)
Does not"-":’ If BHR > 1.1 If BHR > 1.1
Stream succession | . o oo and stream type | and stream type | (B—G), (C—G),
indicate ingision :
4 states (Worksheets | o gogradation | '°5 "/ has wid less (E—G), (D—G) 4_
A-19 and A-10) between 5-10 than 5
(2) 4) (6) (8)
Confinement (MWR
0.80-1.00 0.30-0.7 .10 -0. )
5 | MWR.) 0.79 0.10-0.29 <0.10 /
orksheet A-13)  fro-e-emoormemmmo oo oo e e e ]
W ) (1) (2) (3) (4)
Total points %5
Vertical stability category point range for channel incision /
' degradation i
Vertical stability for
channel incision/ , s o Mode.rate!y
degradation (use total Not incised lightly incised incised Degradation
9-11 12-18 19-27 >27
points and check —~5
stability rating) = = =
A82 Copyright © 2007 Wildland Hydrology




Magruder Branch Reference Reach Team 1 9/18/2007
River Assessment and Monitoring: Reference Reach 1% Field Day
Worksheet A-20. Lateral stability prediction summary. ‘
|stream:  Mc@&RW0GS K SteamType: C4
Location: M Valley Type: 1T
Observers: L : ___Date:  9.13.97
Lateral stability criteria | Lateral stabllity catagories | Selected
(choose one stability _ b PR bRk, ol L ‘points:
. category for each 1 stable |Moderately |\, cobie | MO 1 ifrom
criterion 1-5) R | unstable - | P U unstable | oachrow)
WI/d ratio state <12 12-14 14-16 >16 ,
1 Worksheet A-12) 2
' (2) (4) (6) (8)]
, Depositional pattern B1, B2 B4, B8 B3 BS, B6, B7
(Worksheet A-8) B
(1) (2 (3 (4)
M2, M5, VB,
3 Meander pattern M1, M3, M4 M7, M8 l
(Worksheet A-7)
(1) (3)
MVH, WEx, [HMH, HEx, ExXM,
LAVL, UL, UM, TWVL, MM, MH, !
" (Worksheet A;16) Ll VHMVL, ExVL. | VHAVH, ExX/Ex :
: (2) (4) (6) 8] -
Degree of
5 confinement (MWR / 08-1.0 . 03-079 0.1-0.28 <01
MWR ) (Worksheet A- |
13) (1) (2) (3) (4)
Total points (7
Lateral stability category point range
Overall lateral stability Moderately Highly
category (use total points s;ab;e u;:)sta:a;e U;’;“::‘" un:t;able
and check stability rating) ~N- r r r
A80 Copyright © 2007 Wiidland Hydrology



Magruder Branch Reference Reach Team 1 9/18/2007

River Assessment and Monitoring: Reference Reach f‘t Field Day

Worksheet A-21. Vertical stability prediction for excess deposition/aggradatioh.

Stream:  MACGU 0O 7 Stream Type: C G
lLocation: MO Valley Type: =
Observers: “TEam 4 Date: 9 ](8ln7
Vertlcal stability Vertical stability categories for excess deposition / aggradation e '
' atee? & , : - elec '
. criteria (choose one S oy 5 B R ORI v e N RS R o e P i
stabiliy categoryfor | No deposition |- Modérate | Excess. | hooypen | PO (oM
‘ each criterion 1-8) o L deposition - |, -deposition - | TR oty Pow),
Sufficient depth Trenf;l_ tPW?;d th Cannot move Das] Cannot move D;g off
Sediment and/or slope to :I:;/olrc:g ep of bed material bed material and/or
1 competence transport largest slightly pe- and/or Dypo of D00 Of bar or sub- =
(Worksheet A-18) size available incompetent bar material pavement size KS\
- 2 " (4) (6) (8)
. Reduction up to | Reduction over
Sufﬁclg _ Trend t.o s 25% of annual 25% of annual
Sedi t i capacity to it sediment yield of| sediment yield for
, Sedimentcapacity | transport annual | sediment y Y
(POWERSED) | 10ad capaci bedload and/or | bedload and/or
pacity
suspended suspended
{2) (4) (6) (8)
3 WI/d ratio state 1.0-1.2 12-14 14-16 >1.6 .
(WorksheetA12) | | Z
{2) {4) (6) (8)
Current stream :
type at potential ! oy !
. : (C—Highw/dC), | . .
. Stream succession | or does not (E~C) (B—High wid B), (C—D), (F—D)
4 states (Worksheet A-| indicate _ (C—F) ,
19) deposition/ o
| _aggradation | e e :
2) 4) (8) (8)
Depositional B1 B2, B4 B3, BS B6, B7, B8
5 patterns (Worksheet l
=S ) I L R e R i =
(1) (2)}- (3) 4)
6 Debris / blockages D1, D2, D3 D4, D7 D5, b8 D§, D9, D10 (
(Worksheet A-9) e e e .
(1) (2) (3) 4)
Total poinis| (@
Vertical stability category point range for excess deposition /
aggradation
Vertical stability for
excess deposition / _ . Moderate Excess
aggradation (use total No deposition deposition deposition Aggradation
points and check stability \10;.14 16-20 21-30 g
rating) r r -
Copyright © 2007 Wildland Hydrology A81




Magruder Branch Reference Reach Team 1 - 9/18/2007

_ River Assessment and Monitoring: Reference Reach 1%t Field Day
~ Worksheet A-19. Stability ratings for corresponding successional stage shifts of .
stream types. Check (v) the appropriate stability rating.
Stream: MAc LD X Stream Type: < F
|Location: M D ‘ Valley Type: &
Observers 7?%)/!/( .Z v ‘ Date: 9 /8 o7
Stream type changes due to A f atablllty rating (check

i 'successwr_\__al stage shqﬁs (Flgqrg A-__29)‘ appropnate ratmu) v |

Stream type at potential, (C—E),

[~ Stable
(Fy—B), (G—B), (F—BJ), (F—C), (D—C)
(E—-C) : I~ Moderately unstable
(G—F), F=D).(C~F) ) “F Unstable
(C—-D), (B—G), (D—G), (C—G), (E—C) I~ Highly unstable

A78 Copyright © 2007 Wildiand Hydrology




Magruder Branch Reference Reach Team 1

9/18/2007

River Assessment and Monitoring: Reference Reach , 1% Field Day

Worksheet A-18. Sediment competence calculation form to assess bed stabthty

Stream m B o émnc ‘1 Stream Type Q A
| Location: Valley Type: &
|Obseners: T=pm 4 Date: 7/16/(r7

|Enter required information

321 g%“‘" Ds, | Rifle bed material Dso (mm)
/ ‘f‘- 7 [{5\0 Bar sample Dgp (mm)
) - e 304.8
o 'st WWM Dmax Largest particle from bar sample (ft) 7?@ (mm) mm/t
, 00 7 S Existing bankfull water surface siope (ft/ft)
/. @ d Existing bankfull mean depth (ft)
/' ? y - Submerged specific weight of sediment
> ==

N

Py

Select the appropriate equation and calculate critical dimensionless shear stress

VA
D /D D 3- : . A 0872
50 50 Range: 3-7 Use EQUATION 1@;7 0.0834 ( 050 D 50)
|Dmax/Dso| Range: 1.3-3.0 Use EQUATION 2 * = 0.0384 (Dpax/Dso) 2%
. [@Ne) l} 2. 2
* | Di i EQUATION USED:
. O )C; T Bankfuil Pimensfgonless Shear Stress Q 2
Calculate bankfull mean depth required for entrainment of Iargest particle in bar sample
R / O' @ d Required bankfull mean depth () /s d = 2T YDmax
' » \ S "

Check: I~ Stable I Aggrading\E' Degrading ’

Calculate bankfull water surface slope required for entramment of largest particle i in bar
.|sample

*
S Required bankfull water surface slope (R/f) & = T * Y:Drmax

OO =g

Check: IX Stable [© Aggrading [’ Degrading Slope & Aetual shpe

' |Sediment competence using dimensional shear stress

7“{2 | Bankfull shear stress T = -yds (Ibs/f2) (substityte hydraulic radius, R,'wi'th mean depth, d )

/ 2 Y Moweable particle size (mm) at bankfull shear stress (Figure A-28)

3

ot 'f)/ Predicted shear stress required to initiate movement of Dy, (mm) (Figure A-28)

i . . . : T 'bs/st »
17, ' Predicted mean depth required to initiate movement of D (MM)  d=— .
; / Z)?f) i —— s/és /D~F—
X . o T lLJ ) 5+
Pred | red to initiate movement of D =—
. OOé? icted slope requi 0 ne v nt o ,f.,x (mm) S Yd e (4 C

A74 Copyright © 2007 Wildland Hydrology
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Magruder Branch Reference Reach Team 1 9/18/2007

River Assessment and Monitoring: Reference Reach _ 1% Field Day
j. Degree of Channel Confinement (Meander Width Ratio (MWR))
(Continued) —T=am 4
 ieler
Worksheet A-13. Degree of confinement stability ratings based on meander width ratio
divided by reference meander width ratio.
. | | ~ Degree of Confinement

Existing Meander Width Ratio (MWR): 2.73 Ratio of MWR to MWRref: f
Reference Meander Width Ratio (MWR ;): 2.51
Degree of Confinement Stability Rating = U CoFIIE D
Degree of Confinement based on
Meander Width Ratio ( MWR ) / Reference Condition ( MWR ;)
0.0
f . <010
0.2
5 o 0.10-0.29

ER.

=

= |, /

2 06-

s / 0.30 - 0.79
0.7 '
0.8

0.80-1.00
0.9
1.0
Unconfined Modgrately Confined Confined Severely Confined
Degree of confinement

Copyright © 2007 Wildland Hydrology A29




Magruder Branch Reference Reach Team 1 9/18/2007

River Assessment and Monitoring: Reference Reach _ L 1*! Field Day

i. Width/Depth Ratio State (Contmued)

IEA”\ 4

Worksheet A-12 WdZ’l/depth ratio state stablhty ratlng

Wdtthepth Ratio State

Existing Width/Depth Ratio:

Reference Width/Depth Ratio:

/3.4 Ratio of existing w/d to reference w/d: /

3.4

Width/Depth Ratio State Stability Rating <= STARLE

Width/Depth Ratio Stability Ratings

" 1.8

wid ratio)
-
n

1.4

1.2

Only use "Decrease relative to
reference w/d ratio” for incising

channeis (bank-height ratio >1) ]
(Worksheet A-10)

0.8

7

0.4

0.2 —

Ratio of w/d ratio to reference w/d ratio ratio (lncreasé relative to reference

(Decrease relative to reference wid ratio)

Stable

Moderately unstable Unstable Highly-unstable
Stability rating

Copyright © 2007 Wildland Hydrology A27



Magruder Branch Reference Reach Team 1 " 9/18/2007

River Assessment and Moniio’ring: Reference Reach 1%t Field Day
g. Degree of Channel Incision (Bank-Height Ratio) (continued) . .
TEam 4 '

9lie ][> |
Worksheet A-10. ReIZ\tionship of Bank-Height Ratio (BHR) ranges to corresponding
stream stability ratings to determine degree of channel incision. -

Degree of Channel Incision

::t:{\.f' ol

Low Bank Height: | | .95 Bank-Height Ratio: |/, / S

Max Bankfull Depth: § /.7

Degree of Channel! Incision Stability Rating < _Suc‘awﬁ@/ MICISED

Degree of Channel Incision

1.8

1.7 - ‘ ‘ /
B 4
, , 4

1.6

1.2

Bank-Height Ratio (BHR)

1.1

Stable Slightly incised Moderately incised Deeply incised
Stability rating

A24 Copyright © 2007 Wildland Hydrology





